mbolic stroke of undetermined source (ESUS) is one of the most interesting topics in the general category of strokes. The stroke mechanism underlying ESUS includes low-embolic risk cardiac diseases, paradoxical brain embolisms, aortic lesions, and mild-to-moderate carotid arterial disease. In particular, mild-to-moderate carotid plaque involving <50% luminal narrowing seems to be an important cause of ESUS. However, it is difficult to show the relationships between ESUS and mild-to-moderate carotid plaque because detection of micro-embolic signals, based on transcranial Doppler, which delivers evidence of real-time embolisms, is of limited applicability for Asian and elderly subjects. 1 The rate of detection failure is related to the thickness of the temporal bone.
We estimated internal carotid plaque size and morphological findings by using carotid duplex ultrasonography in patients with anterior circulation ESUS. We hypothesized that nonstenotic (<50%) carotid plaque predominantly occurs ipsilateral rather than contralateral to the ESUS site.
Methods
The authors declare that all supporting data are available within the article.
Patients
Between April 2012 and December 2016, we retrospectively enrolled consecutive patients who had been admitted for ischemic stroke to Jikei University Hospital, Japan. At Jikei University Hospital, all ischemic stroke patients were examined by the screening program for diagnosis of ischemic stroke subtypes in the TOAST (Trial of ORG 10172 in Acute Stroke Treatment). 2 The screening program included hematologic screening, carotid ultrasonography, brain magnetic resonance imaging, magnetic resonance angiogram, 12-lead electrocardiography, 24-hour Holter electrocardiography, electrocardiographic monitoring of at least 48 hours, transcranial color-coded sonography, a test of any right-to-left shunt by means of transcranial color-coded sonography, 1 and a transthoracic echocardiogram. Additional investigations, such as prolonged cardiac rhythm monitoring and transesophageal echocardiograms, were performed if deemed clinically indicated and at the discretion of the treating physician.
We identified the patients who had experienced a carotid territory infarction and who fulfilled the recently proposed diagnostic criteria for ESUS 3 : (1) exclusion of patients with ipsilateral intracranial or carotid artery stenosis ≥50%, (2) exclusion of patients with lacunar infarct, and (3) exclusion of patients with a cardiac source of embolism according to TOAST (such as atrial fibrillation, sick sinus syndrome, left ventricular thrombus, or recent myocardial infarction). 2 We excluded the patients with stroke in multiple vascular territories, and other specific causes of stroke such as aortogenic embolism, paradoxical embolism, cancer-associated issues, arteritis, dissection, or vasospasm ( Figure 1 ).
Background and Purpose-This study's objective is to determine if nonstenotic carotid plaque of <50% luminal narrowing predominantly develops ipsilateral rather than contralateral to the stroke site. Methods-This was a cross-sectional observational study. We identified consecutive patients with anterior circulation embolic stroke of undetermined source (ESUS), excluding stroke in multiple vascular territories. Using ultrasonography, we measured the internal carotid plaque size and stenosis for each patient. We dichotomized the plaque size at several predefined thresholds and calculated the frequency of the plaque size and morphology above each threshold ipsilateral versus contralateral to the stroke site. Results-We included 53 patients with unilateral anterior circulation ESUS. Initially, we found that plaque with a thickness ≥1.5 mm was present ipsilateral to the stroke site in 59% of the patients, and present contralateral to the stroke site in 42% of the patients (31/53 versus 22/53 patients; P=0.049). Plaque with low echo likewise had a similar prevalence when present ipsilateral (9%) and contralateral (4%) to the stroke site (5/53 versus 2/53; P=0.25). Conclusions-Internal carotid artery plaque with a thickness ≥1.5 mm but that is nonstenotic (<50%) is considerably more common when ipsilateral to the ESUS site than when contralateral to the ESUS site, especially in plaque with a thickness ≥2. 
Carotid Duplex Ultrasonographic Examination
We performed carotid ultrasonography by using an EUB-7500 duplex ultrasonographic device (Hitachi Medical Corporation, Japan) with a 7.5 MHz linear array transducer. The carotid ultrasonography served to evaluate atherosclerotic plaque morphology and to measure intima-media thickness (IMT). The carotid IMT is defined as the distance between the intimal-luminal interface and the medialadventitial interface. We measured it with an electronic caliper on the frozen frame of a vertical or transverse B-mode image in which putative maximal IMT was visualized. The minimum unit of IMT measurement should be 0.1 mm. We magnified the image for this measurement so as to minimize any error in measurement. Carotid plaque was defined as focal echogenic thickening with a minimal IMT ≥1.1 mm. We evaluated plaque echogenicity, plaque surface morphology, and mobility. Echogenicity is rated on a 3-category scales high echo (calcified lesions), low echo (hypoechoic as compared with the IMC around plaque), and echoic (echogenicity as comparable to the IMC around plaque). Plaque with partially low echogenicity was preferentially rated as low echo even when it included some hyperechoic or isoechoic areas. Each type was classified as a homogeneous type (uniform echogenicity inside the plaque) or a heterogeneous type (nonuniform echogenicity). Plaque surface morphology was classified as smooth or ulcerated (>2 mm depth with a well-defined back wall at the base and a color Doppler injection). We measured percent stenosis on the basis of diameter stenosis rates (the European Carotid Surgery Trial method) and peak systolic velocity. We excluded the patients with internal carotid arterial stenosis according to a diameter stenosis rate ≥50% or a peak systolic velocity ≥150 cm/s. All studies were performed by one sonographer who was blinded from each patient's clinical details. All examinations were recorded on a hard disk for subsequent review and analysis.
Statistical Analysis
We dichotomized the plaque thickness at predefined thresholds (every 0.1 mm from 1.1 mm to 3.0 mm) and calculated the frequency of internal carotid plaque thickness and morphology above the threshold ipsilateral versus contralateral to ischemic stroke sites. To determine whether these frequencies differed ipsilateral versus contralateral to ischemic stroke sites, we used McNemar test. We performed all analyses by using STATA Release 14 (StataCorp, 2015, Stata Statistical Software: Release 14).
Standard Protocol Approvals and Registrations
The Regional Ethics and Hospital Management Committee of the Jikei University School of Medicine approved the study from the Jikei Stroke Registry (approval number 29-196 for the Regional Ethics and Hospital Management Committee). The boards waived the need for patient consents.
Results

Patient Characteristics
We enrolled 55 patients during the study period. We excluded patients having no observable internal carotid plaque because carotid artery bifurcation was located on 1 side of the head beyond the mandible (n=2). Consequently, we had a final study population of 53 patients (Figure 1) . Table 1 in the online-only Data Supplement provides additional details of patient characteristics, diagnostic investigations, clinical management, and disposition.
Thickness of Internal Carotid Plaque
Dichotomizing internal carotid plaque size at the predetermined thresholds, we found that the frequency of carotid plaque thickness differed ipsilateral versus contralateral to the ischemic stroke sites (Figure 2 ). Thick IMT (≥1.5) was associated with ipsilateral ischemic stroke. Plaque with a thickness ≥1.4 mm had the same prevalence when ipsilateral to stroke sites (60%) as when contralateral to stroke sites (47%; 32/53 versus 25/53; P=0.118).
Morphology of Internal Carotid Plaque
The plaque with low echo, heterogeneous echo, ulceration, or mobility had a greater association when ipsilateral than when contralateral to the stroke sites ( Figure I in the online-only Data Supplement). Unfortunately, about the morphology of carotid plaque, we uncovered no statistically significant differences between ipsilateral-stroke patients and contralateral-stroke patients.
Discussion
We used carotid echography to evaluate the importance of ESUSrelated atherosclerosis as it concerns nonstenotic carotid atherosclerotic plaque. Our current study is the first demonstration of an echography-based association between ESUS and mild-to-moderate carotid artery plaque involving <50% luminal narrowing. First, we found that internal carotid artery plaque with a thickness ≥1.5 mm was considerably more common when ipsilateral than when contralateral to the ESUS sites, especially in plaque with a thickness ≥2.6 mm. Second, the plaque with low echo, heterogeneous echo, ulceration, or mobility was more common when ipsilateral than when contralateral to the ESUS sites.
Large but nonstenotic carotid artery plaque was associated with ESUS in our study. This finding is in line with recent research. 4 These results collectively suggest that large carotid artery plaque contributes not to hemodynamic strokes but to artery-to-artery embolization, even when the arteries involve <50% luminal narrowing. Interestingly, antiplatelet agents were able to prevent stroke recurrence in ESUS caused by moderate atherosclerosis. 5 We exclude some patients with plaque thickness ≥2.7 mm from participation in the study because the thickness of their plaque was ≥50% of the diameter of the lumen. Consequently, we were likely to underestimate the association between ESUS and carotid artery plaque, in the case of internal carotid artery plaque with a thickness ≥2.7 mm. 
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In our study, the association between plaque morphology and ipsilateral strokes was weak, lacking statistical significance. Our results are partially in concordance with previous reports that identified low echo or ulcerated plaque as a risk factor for stroke. 6 Similarly, magnetic resonance imaging was able to detect the presence of complicated but nonstenotic atherosclerotic plaque, which may explain the mechanism of cryptogenic stroke. 7 Our study has several limitations. First, we did not conduct transesophageal echocardiography in all cases because stroke patients with severe neurological deficits were unable to undergo the procedure. Thus, the study population may include patients treated for aortogenic and paradoxical embolism stroke. Finally, our study's relatively small number of subjects renders our conclusions less than definitive.
In sum, our study shows that nonstenotic carotid artery plaque is considerably more common in ipsilateral ESUS than in contralateral ESUS. Future research should conduct carotid ultrasonography to evaluate the embolic source of carotid plaque, and carefully observe carotid plaque in ipsilateral strokes. In unilateral anterior circulation (embolic stroke of undetermined source) ESUS, the frequency of internal carotid plaque thickness involving <50% luminal narrowing corresponded to differences between ipsilateral strokes and contralateral strokes. A forest plot of the association between ultrasounddetermined plaque size and ipsilateral stroke shows that carotid artery plaque ≥1.5 mm is associated with ipsilateral ischemic strokes.
